Introduction
============

Currently the preferred surgical option for 'correction' transposition of the great arteries TGA is the arterial switch operation.[@bib1] In spite of that, a significant number of patients with TGA and intact inter-ventricular septum present 'late' after the small window of time following birth, when the left ventricle is capable of supporting the systemic circulation. In these patients the two-stage anatomical correction can be considered up to the age of 18 months.[@bib5] After that point, the preferred option for these patients is atrial 'correction' by the Mustard or Senning operation. Although these operations have been well described,[@bib6] the exact tailoring of the shape and size of the different components of the neo-atria needs to be refined further to generate the optimal post-operative hemodynamics.

Methodology
===========

CT scans were obtained via a Siemens Definition Flash with a slice thickness of 0.6 mm and a slice increment of 0.3 mm. DICOM were imported into Mimics (Materialise, Leuven, Belgium) for 3D reconstruction of the blood volumes in left and right sides of the heart. The processed files were exported as STL files into 3-matic (Materialise, Leuven, Belgium) to create various images showing the cross sections of interest. The STL files were also used for printing on a 3D printer (Fortus 400mc, Stratasys) to produce a model of the heart post surgery.

Case report
===========

A two-year old male patient presented with history of cyanosis since birth. He was diagnosed as D-TGA with ASD and small PDA. He had balloon atrial septosomy on the 8th day of life. On presentation the oxygen saturation was 76%. Echo showed transposition of the great arteries with the aorta anterior and to the right, good sized inter-atrial communication and deconditioned left ventricle.

A Mustard (atrial switch) operation was performed where the superior and inferior vena cavae where directed to the mitral valve using a trousers-shaped patch[@bib8] of autologous pericardium, while the pulmonary veins drained to the tricuspid valve.

The patient had a smooth post-operative course and was discharged from hospital six days after operation. His pre-discharge echo showed good ventricular function with no systemic or pulmonary venous obstruction.

The patient was investigated by MRI and CT, 3 months after operation, and 3D images were developed, with rapid prototyping produced by the methods described above. The resulting 3D physical models are described in the following paragraphs.

Three-dimensional models of the cardiac chambers after Mustard operation
========================================================================

1 -- Systemic venous phase
--------------------------

[Figure 1](#fig1){ref-type="fig"} shows a postero-anterior view of the 3D cast showing the systemic venous channels diverting the SVC and IVC to a small supra-mitral chamber, leading to the mitral valve and left ventricle. The size of both channels appears to be adequate, with measurements comparable to the SVC and IVC respectively. In contrast, the supra-mitral chamber is small, and almost certainly inadequate as a reservoir. The SVC channel appears to follow a course almost at a right angle to the SVC, but has adequate dimensions throughout with no evidence of obstruction.

[Figure 2](#fig2){ref-type="fig"} is an oblique view showing the asymmetry of the junctions of SVC, situated anteriorly on the roof of the atrium, and the IVC, which is situated on a more posterior plane. This asymmetry has important implications in the normal heart[@bib9], as shown in [Figure 3](#fig3){ref-type="fig"}.

Unfortunately this asymmetry is not maintained for the entrance of the two channels into the supra-mitral chamber ([Figure 2](#fig2){ref-type="fig"}). The hemodynamic effects of the angulation, and more importantly the small supra-mitral chamber, needs to be evaluated further.

2 -- Pulmonary venous phase
---------------------------

The un-impeded entrance of the right and left pulmonary veins into the posterior part of the atrial cavity is seen in [Figures 4a and 4b](#fig4){ref-type="fig"}. The groove produced by the SVC systemic channel is clearly seen in [Figure 4b](#fig4){ref-type="fig"}. The wide communication between the posterior chamber receiving the veins and the anteriorly placed right atrium, with its trabecular part, is visible in [Figure 4b](#fig4){ref-type="fig"}.

3 -- Ventricular shapes
-----------------------

The left and right ventricular sizes and shapes are shown in [Figure 5](#fig5){ref-type="fig"}, which illustrate the "banana" shaped left ventricle, and the "cup" shaped interventricular septum, which is compressed by the "pear" shaped right ventricle.

[Figure 6](#fig6){ref-type="fig"} shows the overall 3-dimensional cast, which can be handled and examined in detail, to study the finer features of the morphology and interaction of all the component parts of the atrial and ventricular chambers. The small size of the supra-mitral chamber in contrast to the supra-tricuspid chamber is seen in 2-dimensional echocardiography ([Figure 7](#fig7){ref-type="fig"}).

Conclusions and future direction
================================

The techniques described in this paper allow individualized examinations of pre and post operative changes in shape and function of the ventricular chambers, and their potential influence on the dynamics and haemodynamics of the heart.[@bib10] Apart from its value in follow up and detecting complications, these techniques could allow the introduction of innovative refinements in technique and management with the aim of optimizing results.

^^\*\*^^  These two authors have contributed equally.

![3-dimensional cast of the systemic venous channels and the left ventricle following the Mustard operation.](gcsp-2013-409-g001){#fig1}

![Oblique view of the cast of the systemic venous channel, showing spatial asymmetrical connection of the SVC and the IVC with the atrium, which is not maintained by the channels.](gcsp-2013-409-g002){#fig2}

![Coloured streamlines computed from magnetic resonance velocity acquisitions in a normal atrium showing the importance of asymmetry of the entrance of the SVC and the IVC in producing a smooth "blending" of the streamlines[@bib9].](gcsp-2013-409-g003){#fig3}

![(a) Postero-anterior view of the pulmonary venous cast showing the entrance of the right pulmonary veins and the wide communication between the right and left components of the atria. (b) An oblique view showing the groove produced by the SVC channel (white arrow).](gcsp-2013-409-g004){#fig4}

![Right and left ventricular shapes (see text).](gcsp-2013-409-g005){#fig5}

![The whole 3-dimensional cast of the cardiac chambers following the Mustard operation.](gcsp-2013-409-g006){#fig6}

![2-dimensional echocradiography showing the small supra-mitral left atrial chamber in comparison to the large supra-tricuspid chamber.](gcsp-2013-409-g007){#fig7}
